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Nuclear Physics
Discovering, exploring, and understanding all forms of nuclear 

matter

ÁUnderstanding why matter takes on the specific forms observed in nature and how that knowledge can 
benefit energy, commerce, medicine, and national security, by discovering:

o Howmassiscreatedfrom energyin the interior of the proton usingthe future Electron-IonCollider?

o Whatarethe propertiesof the novelquark-gluonplasmadiscoveredat RHIC?

o What is the mechanismunderlyingthe confinementof quarksandgluonsviaCEBAFandRHIC?

o Thesearchfor newexoticparticlesandanomalousviolationsofƴŀǘǳǊŜΩǎsymmetriesat CEBAF

o Thelimits of nuclearexistence?Howareheavyelementsmadein the cosmosviaFRIBandATLAS?

o Isthe neutrino its own anti-particle? DotheƴŜǳǘǊƻƴΩǎprecisepropertiespoint to newphysics?

o Thenatureof the strongforce in many-bodysystemsviaSciDAC?

o AdvancedNuclearDatafor Space,Energy,andResearch.
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Budget Matters



Nuclear Physics ïFY 2022 Highlights 
Discovering, exploring, and understanding all forms of nuclear 

matterOperations
ÁThe Request supports operations of the NP scientific user facilities to enable world-class science: 

ÁRHIC operates at 90 percent optimal utilization and installs sPHENIXto study the Quark-
Gluon Plasma. 

ÁCEBAF operates at 90 percent of optimal utilization, enabling highest priority 12 GeV 
experiments and critical maintenance activities and cryomodule refurbishments. 

ÁATLAS operates at 93 percent of optimal utilization to enable the most compelling 
experiments in nuclear structure and astrophysics and invests in multi-user capabilities to 
increase utilization of the facility.

ÁFRIBtransitions from a construction project to a scientific user facility and operates at 100% 
of optimal utilization to support research, beam studies and commissioning.

Projects
ÁThe Request also supports compelling major scientific investments:

ÁCompletion of the super Pioneering High Energy Nuclear Interaction eXperiment(sPHENIX) 
MIEΣ ǘƻ ŦǳǊǘƘŜǊ wIL/Ωǎ ǎŎƛŜƴǘƛŦƛŎ Ƴƛǎǎƛƻƴ ōȅ ǎǘǳŘȅƛƴƎ ƘƛƎƘ-rate jet production

ÁContinuation of the Gamma-Ray Energy Tracking Array (GRETA) MIE, to enable provision of 
advanced, high resolution gamma ray detection capabilities for FRIB. 



Nuclear Physics ïFY 2022 Highlights (cont.)
Discovering, exploring, and understanding all forms of nuclear matter

Projects (cont.)

ÁContinuation of the Measurement of a Lepton-Lepton Electroweak Reaction 
(MOLLER) MIEto measure the parity-violating asymmetry in polarized electron-
electron scattering with the 12 GeV CEBAF. 

ÁContinuation of the Ton-scale NeutrinolessDouble Beta Decay MIEto determine 
whether the neutrino is its own antiparticle. 

ÁContinuation of the High Rigidity Spectrometer (HRS) research project at FRIB to 
maximize the rate of rare neutron-rich nuclei of central importance for 
understanding the synthesis of heavy elements in cosmic events. 

ÁThe DOE Isotope Program is embedded in the Nuclear Physics budget in FY 2021 
Enacted but is broken out as a Program separate from NP in the FY 2022 Request.

ÁThe Electron Ion Collider (EIC), of critical importance to maintain world-leadership in 
nuclear physics and accelerator science, receives its third year of OPC and TEC 
funding. OPC funding supports conceptual design efforts and R&D, while the TEC 
funding supports design efforts, long lead procurements and Project Engineering 
Design (PED) activities. 



Nuclear Physics ςFY 2022 Highlights (cont.)
Discovering, exploring, and understanding all forms of nuclear matter

Research

ÁFunding is strengthened at national labs and universities conducting research in 
relativistic nuclear collisions, hadron physics, nuclear structure and nuclear 
astrophysics, fundamental symmetries and nuclear theory.

ÁNP participates in six crosscutting scientific initiatives:

ÁAccelerator Science and Technology Initiative ïstrengthening U.S. supply chain 
robustness to steward key technologies such aselectron ion source developments and 
advanced approaches in SRF technology

ÁArtificial Intelligence and Machine LearningïR&D forautomated optimization of 
accelerator performance and operation as well as algorithm development for data-analytics-
driven discovery.

ÁIntegrated Computational & Data Infrastructure ïCross-cutting cloud solutions to Big 
Data storage challenges in Nuclear Physics

ÁMicroelectronics ïR&D ondetector materials, devices, advances in front-end electronics, 
and integrated sensor/processor architectures

ÁQuantum Information Science ïleveraging discovery opportunities in sensing, 
simulation, and computing at the intersections of nuclear physics and QIS

ÁReaching a New Energy Sciences Workforce (RENEW) - advancing a diverse, 
equitable, and inclusive research community



{ǳƳƳŀǊȅ ƻŦ нлнн tǊŜǎƛŘŜƴǘΩǎ wŜǉǳŜǎǘ /ƘŀƴƎŜǎ 
Relative to FY 2021 Enacted

FY 2021 Enacted FY 2022 Presidentôs Request

Core Research reduced 3.75% from FY20 

Enacted (including COL, this is a 5.6% cut from 

constant effort in FY20). New ECA awards are 

made.

Core research in Medium Energy, Heavy Ions, and 

Theory is increased by 12% from FY21 Enacted. 

(After accounting for COL, this represents a ~10% 

increase over FY21 Enacted,.)

The Fundamental Symmetries and Nuclear Structure and 
Nuclear Astrophysicsportfolios are increased by 15% 
over FY21 Enacted.

LHC M&O commitments are met. LHC M&O commitments are met.

FRIB Research flat with FY2020 and below 

the planned level.

FRIB Research is increased, but still below the 

planned level.

nEDM supported below planned profile.
nEDM supported significantly below planned profile, 

possibly impacting schedule.

SciDAC commitment are met.
SciDAC funding is increased to support SciDAC-5 

(+$600k).

Nuclear Data slightly increased over FY20 

Enacted.

Nuclear Data increased $3.5M from FY21 Enacted 

to support the expansion of experimental efforts.

Accelerator R&D subject to the 3.75% research 

reduction.

Accelerator R&D increased ~$1M over FY21 

Enacted level.

QIS at $9.5M. QIS increased to $10.5M.

NP ML/AI Initiative begins with $4M.
AI/ML Initiative support flat with FY21 Enacted 

($4M).



FY 2021 Enacted FY 2022 Presidentôs Request

Four new initiatives are supported:
Å Reaching a New Energy Sciences Workforce 

(RENEW) - $3M

Å Accelerator Science and Technology - $2M

Å Integrated Computational & Data Infrastructure -

$1M

Å Microelectronics - $500k

Facility operations funding reduced by 3.75%.

- RHIC operates 24 weeks (100 % maximum)

- CEBAF operates 7 weeks (41 % maximum)

- ATLAS operates 39 weeks (93 % optimal)

Facilities operations supported at >90% of optimal.

- RHIC operates 18 weeks (90 % maximum)

- CEBAF operates 31 weeks (90 % optimal)

- ATLAS operates 39 weeks (93 % optimal)

- FRIB operates 12 weeks (100% of optimal)

FRIB operations supported at $50M. FRIB Operations increased, but still slightly below 

planned levels ($77M in PR vs $82M planned)

FRIB construction at baselined $5.3M in final funding 

year.

EIC construction at TEC of $5M and OPC of $24.65M EIC construction at TEC of $20M and OPC of $10M

Major Items of Equipment:

- GRETA reduced below planned levels ($6.6M)

- sPHENIX at planned baseline level ($5.53M)

- MOLLER at $5M TEC

- TSNLDBD at $1.4M TEC

- HRS at $3M TEC

Ongoing Major Item of Equipment:

- GRETA below planned levels ($6.6M)

- sPHENIX at baseline level ($0.2M)

- MOLLER at $7M TEC

- TSNLDBD at $1.44M TEC

- HRS at $3M TEC

Isotope Program embedded within NP budget Isotope Program no longer embedded within NP budget

{ǳƳƳŀǊȅ ƻŦ нлнн tǊŜǎƛŘŜƴǘΩǎ wŜǉǳŜǎǘ /ƘŀƴƎŜǎ 
Relative to FY 2021 Enacted
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NP -C¸ нлнн tǊŜǎƛŘŜƴǘΩǎ wŜǉǳŜǎǘ
(Dollars in thousands)

Total, NP FY21 ςFY20 651,500 635,000 -16,500

FY21 NP Appropriation 713,000 713,000 
-

FY 22 House Mark $665
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General Outlook

Å The budget uncertainty continues. 

Å We need to stay focused and continue to deliver 
important outcomes for the nation.

Å Delivering exciting discoveries, important scientific 
knowledge, technological advances, and workforce 
training is what we do.

Å We need to keep up the good work! 
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Recommendations:

1. Capitalize on investments made to 
maintain U.S. leadership in nuclear 
science. 

2. Develop and deploy a U.S.-led ton-scale 
neutrino-less double beta decay 
experiment.

3. Construct a high-energy high-
luminosity polarized electron-ion 
collider (EIC) as the highest priority for 
new construction following the 
completion of FRIB.

4. Increase investment in small-scale and 
mid-scale projects and initiatives that 
enable forefront research at 
universities and laboratories.

The 2015 Long Range Plan for Nuclear Science

NP  continues to execute on the 2015 LRP Vision 
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Three Front-Runner Technologies

Å Scintillating bolometry (CUPID, 100 Mo enriched Li2Mo4 crystals)

Å Enriched 76Ge crystals (LEGEND-1000, drifted charge, point 
contact detectors )

Å Liquid Xenon TPC (nEXO,  light via APD, drifted ionization)

Background constraints are exceptionally challenging < 1 count/ton 
of material/year

Also, there are three possible sites

ÅSURF (SD)

ÅSnoLab(Canada)

ÅGran Sasso(Italy)

Upcoming Decisions
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0nbbProgression

ÅOngoing interactions with potential international collaborators to 
introduce U.S. perspectives, hear European perspectives, and suggest 
a global approach to investment in DBD science

ÅDBD Portfolio Review was held July 13-16, 2021 to inform U.S. 
investment strategy. Instructions published by April 15, 2021.

ÅNorth American ςEuropean Summit will be held September 29 to 
October 1, 2021 to see if common ground exists for an international 
approach to DBD investment

ÅFunding for ton-scale 0nbbis going to be challenging
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The Fourth, Newest Microscope: Facility for Rare Isotope Beams (FRIB)

RHIC

FRIB

ÅFRIB issued a call for proposals to its 
1500 member user group.

Å82 proposals received from 130 
institutions in 30 countries requesting 
9,784 hours of beam time

ÅFRIB Program Advisory Committee 
Meeting held in May 2021.

ÅFirst science in 
spring of 2022

World Leadership in Nuclear Structure & 
Nuclear Astrophysics Research
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Office of Science 
User Facilities

NERSC

ESnet

ARM JGI

SNS HFIR

EMSL

APS

LCLS NSLS-II

SSRL

ALS

CNM CNMS

TMF

ATLASRHIC

DIII-D

ATF

Fermilab AC

CEBAF

Number 
of User 

Facilities

28

NSTX-U

CINTCFN

FACET II

ALCF
OLCF

FRIB


